We investigated the bacteriolytic activity of alkaline protease BYA, a detergent protease, from Bacillus sp. Y. Protease BYA effectively lysed gram-negative bacteria and some gram-positive bacteria like Staphylococcus aureus and Staphylococcus epidermidis. The optimum pH of protease BYA was 8-9, and it was most active at 60 , a temperature at which Deozyme, a commercial bacteriolytic enzyme, had lost most of its activity. The bacteriolytic activity and protease activities of protease BYA would be useful for removing bacteria from worn garments and production facilities.
Introduction
Bacteria remain on garments after worn. As shown in Table 1 (1), numerous bacteria, some of which are pathogenic, were isolated and identified from worn garments; these bacteria included Staphylococcus aureus or Pseudomonas aeruginosa, which produce harmful substances such as toxins. As many as 1 10 7 CFUs (colony formation units) of viable bacteria per cm 2 remained on worn socks (2) . If viable but nonculturable (VBNC) and annihilated bacteria are included, the number of bacteria remaining on worn garments would be much higher. Therefore, washing worn garments is very important not only to remove soil but also to improve hygiene. Furthermore, in the food and pharmaceutical industries, bacterial contamination is a serious problem at production facilities. Hypochlorite bleach has excellent bacteriocidal activity but cannot be applied to laundry because it often damages colored fabrics (3) . The washing temperature in Europe is generally above 60 , which enables the bacteria to be killed by heat. However, whether cells containing harmful substances can be effectively removed remains uncertain.
In this report, we will focus on the removal of bacteria from worn garments using bacteriolytic enzymes to break down bacteria, making them easier to remove by washing. As shown in Fig. 1 , the cell walls of bacteria contain peptidoglycans that consist of saccharide chains and bridging peptides (4). Lysozyme is a well known bacteriolytic enzyme that hydrolyzes the N-acetylglucosamine bridging structures in peptidoglycans. Specific peptidases are also known to act as bacteriolytic enzymes that hydrolyze peptide bonds in peptidoglycans. Proteases may exert a considerable bacteriolytic effect because they also show peptide-hydrolyzing activity (5) .
Proteases have already been formulated into laundry detergents to improve detergency by hydrolyzing protein soil. Subtilisin Carlsberg, an alkaline serine protease commercially known as Alkalase, has been used since the 1960s, and many proteases that are optimal at specific washing conditions have since been developed (6, 7) . One detergent protease, Deozyme, not only displays a superior detergency but also has a superior bacteriolytic activity (8) . Deozyme represses the generation of bad odors from bacteria-contaminated laundry when hung indoors to dry (9) . Alkaline serine protease BYA was isolated from Bacillus sp. Y (10). The nucleotide sequence of protease BYA has been registered with GeneBank (No. E03808; Sep. 29, 1997; the detailed data will be published). Protease BYA has been found most active at 70 and stable at pH 6.5-13.0. It is also stable in the presence of various surfactants like sodium lauryl sulfate and sodium linear alkylbenzene sulfonate. In addition, similar to that of Alkalase, protease BYA enabled a good detergency (11) . Protease BYA has excellent properties as a detergent enzyme, but its bacteriolytic activity is unknown. In this study, we characterized the bacteriolytic activity of protease BYA. were used in this study. These strains were inoculated into 100 mL of brain heart infusion medium (Difco) using a loop and incubated in 500-mL Sakaguchi flasks for 18 h at 37 with shaking. The cultures were harvested by centrifugation at 4500 g for 5 min at room temperature and suspended in distilled water; the harvesting-to-suspending procedure was repeated twice, and the cultures were heated for 20 min in boiling water and stocked at 80 . The stocked suspensions were defrosted, harvested, and suspended in distilled water just before the baceriolytic activity assays.
Materials and Reagents
Alkaline protease BYA was prepared by Shimogaki's method (10) . Deozyme (12) was obtained from Novozymes. Subtilisin Carlsberg was purchased from Sigma-Aldrich. A commercial nonionic surfactant (alkylpoly [oxy-ethylene] ethers, EO; p 15, C13) from Lion was used. All other chemicals were obtained from commercial sources.
3 Measurements
2 3 1 Assay of protease activity Protease activity was determined using the AnsonHagiwara method (10) . Briefly, 0.5 mL of enzyme solution was added to 3 mL of reaction mixture containing 0.6 milk casein and 10 mM borax-NaOH buffer (pH 10.5). After incubation at 35 for 10 min, the reaction was stopped by the addition of 3.2 mL of stopper solution containing 0.11 M trichloroacetic acid, 0.22 M sodium acetate, and 0.33 M acetic acid. The reaction mixture was maintained at 35 for 10 min and filtered through Toyo filter paper No. 131; the absorbance of the filtrate was then measured at 275 nm. One unit of alkaline protease activity (1 APU) was defined as the amount of enzyme required to liberate 1 mg of tyrosine per min under the conditions described above.
2 3 2 Assay of bacteriolytic activity The optical density (OD) of the reaction mixtures was determined at 660 nm with a SPECTRONIC 20 photoelectric colorimeter (Spectronic Instrument). The reaction mixture contained 250 ppm each of the nonionic surfactant, sodium bicarbonate, and EDTA, and its water hardness was adjusted to 30 mg/mL of CaO using calcium chloride dihydrate. The mixture also contained approximately 0.3 OD of bacterial suspension. Finally, the protease was added, and the OD was measured in a minute (OD initial ). The mixture was maintained at 25 or 60 , and its OD was measured again after 30 min (OD 30 min ). The bacteriolytic activity ( ) was calculated according to the Huruya definition (13): 2 3 3 Evaluation of the pH profile's effect on the bacteriolytic activity In accordance with the bacteriolytic activity assay (2 3 2), a solution containing 250 ppm each of sodium bicarbonate (pH 8.2), borax (pH 9.1), sodium carbonate (pH 10.8), and sodium hydrate (pH 11.8) was used as the pH buffer.
3 Results and Discussion 3 1 Bacteriolytic Activity of Protease BYA Surfactants, alkaline agents, and calcium-binding agents are commonly formulated as basic ingredients in laundry detergents. Laundry detergents are typically dissolved to approximately 700 ppm, with surfactants comprising approximately 30 of this value under Japanese washing conditions. Water hardness was adjusted with calcium chloride dihydrate to 30 mg/mL of CaO (3 DH), which is considered to be the average value of Japanese tap water. In this study, 250 ppm each of nonionic surfactant, sodium bicarbonate, and EDTA were applied to simulate common Japanese washing conditions. Some anionic surfactants like linear alkylbenzene sulfonate could not be evaluated under the present experimental conditions because their addition caused the sample solution to become turbid. Therefore, bacteriolysis by the proteases was evaluated using nonionic surfactant. Bacteria sometimes undergo autolysis by enzymes that they produce, and it is difficult to maintain bacteria in their logarithmic growth and (OD initial ) (OD 30 min ) 100. (OD initial ) 597 death phase, in which the greatest effect of bacteriolytic enzymes can be expected. Bacteria heat-treated in their stationary phase were used in this study.
The bacteriolytic activity of protease BYA against bacteria commonly isolated from worn garments was determined. Results are shown in Table 2 . Protease BYA displayed excellent bacteriolytic activity, with a value of greater than 50 for all gram-negative species at each temperature. On the other hand, it exhibited an activity of greater than 50 only against St. epidermidis and St. aureus at 60 . Protease BYA had almost no activity against other gram-positive bacteria.
It is widely accepted that the peptidoglycan structure of gram-positive and gram-negative bacteria differs. The peptidoglycan structure of gram-positive bacteria is thick (multi-layered), while that of gram-negative bacteria is thin (believed to be single layered) (4) . The strong bacteriolytic activity of protease BYA against gram-negative bacteria can be explained by postulating that the thin structure of the peptidoglycans is easily broken. Protease BYA is thought to be capable of lysing a great number of gram-negative bacteria. Protease BYA also displayed bacteriolytic activity against St. aureus and St. epidermidis among the gram-positive bacteria, which suggest that protease BYA may hydrolyze specific peptide bonds in these species.
2 pH Profile
The pH dependence of protease BYA on bacteriolytic activity is shown in Fig. 2 . The pH in the experiments was adjusted using the corresponding buffer solution, and the concentration of the proteases was set at 1.5 APU/mL, where its relative activity was easy to determine. The bacteriolytic activity of protease BYA was approximately 45 at pH 8-9 and decreased as the pH of the solution increased. On the other hand, the bacteriolytic activity of Deozyme increased as the pH of the solution increased, and the optimal pH of Deozyme was 10-11. The bacteriolytic activity of subtilisin Carlsberg, however, was low. It may be difficult for Subtilisin Carlsberg to recognize the peptide bonds in peptidoglycans as a substrate. These findings suggest that protease BYA has excellent bacteriolytic activity at pH 8-9, though its protease activity was highest at pH 10.0-12.5.
Temperature Profile
The temperature profile of the bacteriolytic activity of protease BYA is shown in Figs. 3-4 . Protease BYA was most active at 60 , at which temperature Deozyme had lost most of its activity, and remained sufficiently active at 65 against E. coli and St. aureus. The bacteriolytic activity of protease BYA was higher than that of Deozyme or subtilisin Carlsberg at temperatures between 50 and 65 . Protease BYA showed superior bacteriolytic activity at the high temperatures used for pasteurization. With respect to the bacteriolytic activity, protease BYA is thought to be relatively stable to heat.
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J. Oleo Sci., Vol. 54, No. 11, 595-600 (2005) 3 5 Application of the Bacteriolytic Activity of Protease BYA As proteases have been used in various industries, the application of protease BYA should not be limited to laundry detergents. In the food and pharmaceutical industries, contamination by Ps. aeruginosa has become a vexing problem at production facilities because this bacteria is difficult to kill using pesticides (14) . Endotoxins produced by St. aureus also do not lose their toxity after pasteurization. These bacteria and their products must be removed. In such a case, detergency with using protease BYA may be useful by simultaneously lysing bacteria and removing their toxins.
599
J. Oleo Sci., Vol. 54, No. 11, 595-600 (2005) 
Conclusion
Alkaline protease BYA from Bacillus sp. Y not only boosts detergency as protease but also has an excellent bacteriolytic activity. At high temperatures, protease BYA lyses bacteria better than Deozyme, a known bacteriolytic enzyme. Protease BYA can be expected to enable better sanitation under high-temperature washing conditions.
